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(54) A cover for a spacecraft antenna 

(57) A multilayer, thermally resistant, at least partially flexible, substantially radio frequency transparent, 
cover (1) for a spacecraft antenna is made up of an insulating layer (4) of glass fibre which is sandwiched 
between a first layer (5) of polymer film which is directed towards the antenna (3) and a second layer (6) of 
non-conductive polymer film on the outermost surface of the insulating layer (4). The second layer (6) is, or is 
rendered, opaque to visible and infrared radiation arid carries an electrically conductive coating layer (8) on its 
outermost surface and means (9) for electrically grounding the coating layer (8). The polymer film layers (5, 6) 
may be made of polyimide or glass fibre and quartz material, conductive coating (8) may be Germanium or 
Indium-Tin Oxide and the second layer (6) may be made opaque by a layer of paint or the polyimide layer 
being loaded with a pigment. 
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A COVER FOR A SPACECRAFT ANTENNA 

This invention relates to a cover for a spacecraft 
antenna and particularly , but not exclusively, to a 
multilayer, thermally resistant, at least partially 
flexible, substantially radio frequency transparent cover 
for at least an active surface of a spacecraft antenna. 

Spacecraft antennas in use undergo a wide variation 

■ 

in temperature which can lead to undesirable thermal 
distortions. There is thus a need for a thermal cover or 
shield designed to control the temperature . of a spacecraft 
antenna and thereby reduce the thermal distortion. 

Three conventional types of thermal cover have been 
proposed. A first of these involves insulating the 
non-active surfaces of the antenna only and employing 
thermally resistant paint on the active surface of the 
antenna. This approach results in relatively poor thermal 
control. For example a spacecraft antenna reflector 
treated in this way would still experience a variation of 

temperature as wide as *250°C This results in high thermal 
distortion which is even more noticeable if the antenna 
has a complex construction such as is the case with multi 
shell reflectors. 

A further known technique is to suspend a metallised 
polymer film over the active face of the spacecraft 
antenna with the metal layer etched into a frequency 
selective pattern operative to allow radio frequency 
signals to pass through. Whilst this system has better 
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thermal performance it has the disadvantages that the 
thermal performance is degraded by the metal removed from 
the etching set, the shield or cover requires a relatively 
heavy support to avoid imposing thermal distortion loads 
on the antenna, the shield is expensive and the large 
metal content in the antenna field of view gives rise to a 
significant risk of signal distortion or attenuation due 
to passive intermodulation. 

A third known system involves suspending a 
non-metallised opaque film over the active surface of the 
antenna. Whilst this latter technique avoids the problems 
associated with the etched metallised polymer technique it 
does so at the expense of a greatly reduced thermal 
performance and therefore higher antenna temperature 
ranges and thermal distortion. 

There is thus a need for generally Improved cover 
for a spacecraft antenna which is effectively transparent 
to radio frequency signals but which at least minimises 
the foregoing disadvantages inherent in the conventional 
techniques. 

According -to one embodiment of the present invention 
there is provided a multilayer, thermally resistant, at 
least partially flexible, substantially radio frequency 
transparent, cover for at least an active surface of a 
spacecraft antenna, which cover includes an insulating 
layer of fibrous, non-metallic radio frequency 
transparent, insulating material, a first layer of 
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non-conductive radio frequency transparent polymer film on 
one surface of the insulating layer, which first layer is 
directed, in use, towards at least the active surface of a 
spacecraft antenna, a second layer of non-conductive, 
radio frequency transparent, polymer film on the surface 
of the insulating layer opposite to said one surface, 
which second layer is, or is rendered, opaque to visible 
and infrared radiation and is directed, in use, away from 
the at least active surface of the spacecraft antenna, an 
electrically conductive, radio frequency transparent, 
coating layer on the outermost surface of the second 
layer, and means for electrically grounding the 
electrically conductive coating layer. 

Preferably the insulating layer is a mat of glass 
fibres* 

Conveniently the first layer is made of a polyimide 
or glass fibre and quartz material* 

Advantageously the polyimide material is KAPTON 
(Registered Trade Mark) and the glass fibre and quartz 
material is BETACLOTH (Registered Trade Mark). 

Preferably the second layer is^made of a polyimide or 
glass fibre and quartz material rendered opaque to visible 
or infrared radiation by a non-conductive optically opaque 
paint coating layer on at least one surface thereof. 

Conveniently the polyimide material is KAPTON 
(Registered Trade Mark) and the glass fibre and quartz 
material is BETACLOTH (Registered Trade Mark). 
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Alternatively the second layer is made of polyimide 
material loaded with a pigment to render is opaque to 
visible and infrared radiation. 

Advantageously the polyimide material is KAPTON 
(Registered Trade Mark). 

Conveniently the coating layer is made of Germanium 
or Indium-Tin Oxide. 



Advantageously the means for electrically grounding 
the electrically conductive layer include a plurality of 
strips connected to said electrically conductive layer. 




Advantageously the attachment means are polymer studs 
or hook and eye tape. 

According to a further aspect of the present 
invention there is provided a cover assembly including two 
multilayer, thermally resistant , at least partially 
flexible covers as hereinbefore disclosed for covering 
both the active and inactive surfaces of a spacecraft 
antenna. 

For a better understanding of the present invention , 
and to show how the same may be carried into effect / 
reference will now be made, by way of example, to the 
accompanying drawings , in which; 

Figure 1 is diagrammatic perspective view of a 
spacecraft antenna provided with a multilayer,, thermally 



SDOCID: <GB 



22772D0A I > 



resistant, at least partially flexible cover, according to 
a first embodiment of the present invention, and 

Figure 2 is a cross -sectional view, to an enlarged 
scale, of a detail of the cover of Figure 1. 

A multilayer, thermally resistant, at least partially 
flexible, coversubstantially radio frequency transparent, 

1 according to a first embodiment of the present 
invention, as shown in Figures 1 and 2 of the accompanying 
drawings, is intended for use to cover at least an active 
surface 2 of a spacecraft antenna 3, The cover 1 includes 
an insulating layer 4 of fibrous, non-metallic, radio 
frequcny transparent, insulating material such as a mat 
of glass fibres. Prferably the layer 4 is in the form of 
a slab which is flexible and provides the thermal 

/ 

insulating properties for the cover. The thickness of the 
layer 4 is chosen to meet the thermal performance 
required. A suitable thickness is 25 mm. The insulting 
layer 4 contains no metallic materials as these would 
otherwise distort or attenuate the radio frequency 
signal • 

A first layer 5 of non- conduct ive, radio frequency 
transparent, polymer film is provided on one surface of 
the insulating layer 5 and is directed, in use, towards at 
least the active surface 2 of the antenna 3. This first 
layer 5 is made of a polyimide material such as KAPTON 
(Registered Trade Mark) or glass fibre and quartz material 
such as BETACLOTH ( Registered Trade Mark ) . The polymer is 
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selected to withstand the electromagnetic and particulate 
radiation environment in space and to withstand the 
expected temperature cycle range to which the cover will 
be subjected in use. 

Also forming part of the cover 1 is a second layer 6 
of non- conductive , radio frequency transparent , polymer 
film which is provided on the surface of the insulating 
layer 4 opposite to said one surface. Thus the second 
layer 6, in use of the cover 1, is directed outwardly of 
the cover and is most remote from the antenna surface 2. 
The second layer 6 is, or is rendered7 opaque to visible 
and infrared radiation and is directed , in use of the 
cover, away from the surface 2 of the antenna 3. 

This second layer 6 can be made in two different 
ways. According to a first way forming part of the 
present invention, the layer 6 is made of polyimide such 
as KAPTON (Registered Trade Mark) or glass fibre and 
quartz such as BETACLOTH (Registered Trade Mark) rendered 
opaque to visible and infrared radiation by a — 
non-conductive optically opaque paint coating layer 7 on * 
at least one surface thereof. Preferably the surface 7 is 
that directed towards the insulating layer 4. This paint 
can be any suitable commercially available non-conductive 
optically opaque paint. 

According to a second way, which also forms part of 
the present invention, the layer 6 is made of polyimide 
material, preferably KAPTON (Registered Trade Mark) loaded 
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with a pigment to render is opaque to visible and infrared 
radiation. However the second layer 6 is formed the paint 
coating layer 7 or loading in the layer 6 prevents 
sunlight and infrared radiation penetrating the cover 1 
and degrading the thermal performance thereof. 

An electrically conductive , radio frequency 
transparent , coating layer 8 is provided on the outermost 
surface of the second layer 6. This coating layer 8 may 
be made of Germanium deposited thereon in any convenient 
manner or of any commercially available high resistance 
material such as Indium"- Tin Oxide. This coating layer 8 
provides just sufficient lateral electrical conduction 
path to leak the build up of electrical charge to the 
antenna 3 or spacecraft structure via means for 
electrically grounding the electrically conductive coating 
layer 8. This means may include a plurality of straps 9 
connected to the layer 8.- The electrical conductivity of 
the layer 8 is insufficient significantly to affect the 
antenna radio frequency performance. The* cover 1 is 
attachable to the antenna surface 2 in any convenient 
manner such as by polymer studs or hook and eye tape (not 
shown ) . 

A cover of the present invention is intended to be 
substantially radio frequency transparent at frequencies 
below 300 GHz. Preferably the required radio frequency 
transparent range is from 0.1 to 50 GHz and more 
preferably from 0.1 to 20 GHz. 
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The flexible nature of the cover 1 means that: its 
outermost surface can be made undulating, as shown in 
Figure 1 to break up specular reflections of sunlight. 
This may be done by securing the cover to the antenna 
surface by means of rivets or the like having different 
lengths. Thus at one point the rivet may be short enough 
to secure the cover in face to face contact with the 
antenna surface whilst at a different point the rivet may 
be elongated sufficiently to support the cover at a 
spacing away from the antenna surface. The undulating 
surface produced in this way prevents the sun's rays being 
focussed by the cover on a feed horn for the antenna, 
which focussing would undesirably heat up the feed horn. 

Although in the aforegoing description and in the 
embodiments illustrated in Figures 1 and 2, the cover has 
been shown as applied only to the active surface 2 of a 
spacecraft antenna 3, it is to be understood that a 
further cover 1 could be provided over the inactive 
surface of the antenna 3 so that the two covers 1 together 
make up a cover assembly for the antenna 3. 

A cover 1 and cover assembly of the present invention 
have better thermal performance than conventional covers 
or shields and thereby reduces the thermal distortion of 
the antenna in operation. No elaborate support structure 
is required which avoids undue loading on the antenna and 
hence resulting distortion. The metallic components of 
the cover are kept to a minimum thereby reducing risk of 
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radio frequency signal interference. The cover of the 
invention is of relatively light weight and flexible so 
that it may be draped over an antenna surface without 
requiring to be stretched or carried on heavy expensive 
support structures as is conventional. This and the other 
constructional features of the cover of the present 
invention make it less expensive to manufacture than the 
conventional systems* 
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CLAIMS 

1. A multilayer, thermally resistant, at least partially 
flexible, substantially radio frequency transparent cover 
for at least an active surface of a spacecraft antenna, 
which cover includes an insulating layer of fibrous, 
non-metallic, radio frequency transparent, insulating 
material, a first layer of non-conductive polymer, radio 
frequency transparent film on one surface of the 
insulating layer, which first layer is directed , in use, 
towards at least the active surface of a spacecraft 
antenna, a second layer of non-conductive, radio frequency 
transparent, polymer film on the surface of the insulating 
layer opposite to said one surface, which second layer is, 
or is rendered, opaque to visible and infrared radiation 
and is directed, in use, away from the at least the active 
surface of the spacecraft antenna, an electrically 
conductive, radio frequency transparent, coating layer on 
«ie outermost surface of the second layer, and means for 
electrically grounding the electrically conductive coating 
layer.- - 

2. A cover according to claim 1, wherein the insulating 
layer is a mat of glass fibres. 

3. A cover according to claim 1 or claim 2, wherein the 
first layer is made of a polyimide or glass fibre and 
quartz material. 
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4. A cover according "to claim 3, wherein the polyimide 
material is KAPTON (Registered Trade Mark) and the glass 
fibre and quartz material is BETACLOTH (Registered Trade 
Mark ) . 

5. A cover according to claim 3 or claim 4, wherein the 
second layer is made of a polyimide or glass fibre and 
quartz material rendered opaque to visible and infrared 
radiation by a non-conductive optically opaque paint 
coating layer on at least one surface thereof. 

i 

6. A cover according to claim 5, wherein the polyimide 
material is KAPTON (Registered Trade Mark) and the glass 
fibre and quartz material is BETACLOTH (Registered Trade 
Mark ) . 

7. A cover according to any one of claims 1 to 4, 
wherein the second layer is made of polyimide material 
loaded with a pigment to render it opaque to visible and 
infrared radiation. 

8. A cover according to claim 7 , wherein the polyimide 
material is KAPTON ( Registered Trade Mark ) . 

9. A cover according to any one of claims 1 to 8, 
wherein the coating layer is made of Germanium or 
Indium-Tin Oxide. 

10. A cover according to any one of claims 1 to 9, 
wherein the means for electrically grounding the 
electrically conductive layer include a plurality of 
strips connected to said electrically conductive layer. 
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11. A cover according -to any one of claims 1 to 10, 
including means for attachment to an antenna. 

12. A cover according to claim 11, wherein the attachment 
means are polymer studs or hook and eye tape. 

13. A multilayer, thermally resistant , at least partially 
flexible cover for at least an active surface of a 
spacecraft antenna, substantially as hereinbefore 
described and as illustrated in Figures 1 and 2 of the 
accompanying drawings. 

14. A cover assembly including two multi-layer thermally 
resistant, at least partially flexible, covers according^ 
to any one of claims 1 to 13 for covering both the active 
and inactive surfaces of a spacecraft antenna. 
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